Phenolic compound profiles were investigated by high-performance liquid chromatography-diode array detector in three vintages to assess genotypic variation in berry skins of six resistant grapevine varieties: "Cabernet Cortis," "Chancellor," "Léon Millot," "Maréchal Foch," "Monarch," and "Regent." The research has revealed a significant difference among the varieties in the total phenolic content, anthocyanins, flavanols, and flavan-3-ols. A clear differentiation of all varieties by means of the polyphenol profile using discriminant analyses has been achieved. "Regent" reached the significantly highest total polyphenol content, as well as total anthocyanin and total flavonol content. The polyphenol profile of "Chancellor" was quite different from all of the other studied varieties. Although being closely related, "Maréchal Foch" and "Léon Millot" showed qualitatively and quantitatively quite different polyphenol contents. No clear connection between the genetic origin of the varieties and their polyphenol profiles has been found.
INTRODUCTION
Viticulture worldwide is based mainly on the growth of numerous varieties of the species Vitis vinifera L. Due to their quality, these varieties are considered the only ones suitable for wine production. Aside from Vitis vinifera L. many other species are classified in the genus Vitis. Due to their evolution on different continents and under different environmental conditions they significantly differ in some important biological characteristics. [1, 2] After the root louse, phylloxera (Daktulosphaira vitifoliae Fitch), powdery mildew (Uncinula necator Burr), and downy mildew (Plasmopara viticola Berl.) were accidentally imported into the European vineyards in the mid-19th century, where they caused substantial losses on the highly susceptible V. vinifera vines planted there, resistant American varieties aroused the interest of breeders. They were first used as rootstocks and later in breeding programs with the aim to develop varieties resistant to phylloxera as well as fungal pathogens. [3] Despite the obstacles in achieving both good resistance to pathogens and high quality, by the end of the 20th century a certain number of varieties has been recognized and put into production. [4] [5] [6] [7] [8] Although the varieties arising from interspecies crossings long had a bad reputation, from the first hybrids that demonstrated good resistance but low quality, lately the interest for growing a new generation of resistant varieties increased. [3, 9] One of the main reasons is the fact that grape production requires a lot of plant protection products, especially fungicides, [10] and that, aside from increasing the production costs, raises concerns about their adverse influence on the environment and human health. [11, 12] A prerequisite for spreading new grape varieties is the awareness of their important biological and production characteristics. The chemical composition of grapes is essential for the quality of future wine. Among the numerous chemical constituents of grapes, phenolics have a special bearing on the sensory properties and stability of wine. In recent years, primarily due to the antioxidant activity of a variety of phenolic compounds, considerable attention has been focused on the health benefits of grapes and grape products. [13, 14] Wine is recommended as part of a healthy diet and grapes are recognized as a valuable source of polyphenols for pharmaceuticals, cosmetic products, and food. [15] The polyphenolic composition of grapes varies significantly among grapevine varieties, as well as among different species of the genus Vitis and their interspecies hybrids. [16] [17] [18] Numerous researches have been done and a large amount of phenolic compounds have been identified and quantified in the grape berries and wines from V. Vinifera. [19] [20] [21] [22] [23] However, few reports have reported phenolic content and composition in different grape species and their hybrids. [24, 25] Anthocyanins are the most studied group of phenols. There is a distinct separation among the different species with regard to monoglucoside and diglucoside anthocyanins. The V. vinifera grapes only contained the monoglucoside anthocyanins, but V. rotundifolia grapes only had diglucoside anthocyanins, while both existed in other species and hybrids. The presence of diglucoside anthocyanins characterized the first-generation of hybrids grown from American vines (V. labrusca, V. riparia, V. rupestris, V. berlandieri) and distinguished them from the Vitis vinifera varieties. [26] However, this characteristic may disappear after further hybridizations. [27, 28] Among the hybrid varieties, some are characterized by a high percentage of diglucoside compounds and the others are characterized by fewer or almost no diglucosides. [17] In order to obtain a better assessment of the full range of variation of polyphenolic compounds in grapes, a comprehensive and systematic evaluation of grape germplasm is needed. This is a prerequisite for its better utilization for different purposes. [24] The aim of this study was to determine the polyphenolic composition of six red resistant grapevine varieties with different but very complex pedigrees, involving several species of the genus Vitis. Through several cycles of backcrossing, the pedigrees of some of them were left only a small proportion of the genome originated from non-vinifera ancestors, while the others present true interspecies hybrids, meaning that one of their parents belongs to some other Vitis species.
Research results would enable their mutual differentiation and be useful for their selection as suitable plant material for the extraction of phytochemicals as ingredients of functional foods, as well as for their use in wine production.
MATERIALS AND METHODS

Grape Samples
Six resistant red grapevine varieties with complex pedigrees, involving several species of the genus Vitis, encompassing Vitis riparia, Vitis aestivalis, Vitis amurensis, Vitis berlandieri, Vitis cinerea, Vitis labrusca, Vitis lincecumii, Vitis riparia, and some others, have been selected for the experiment. "Cabernet Cortis" ("Cabernet Sauvignon" × "Solaris;" VIVC variety number 1 20005), "Monarch" ("Solaris" × "Dornfelder," VIVC variety number 19995), and "Regent" ("Diana" × "Chambourcin;" VIVC variety number 4572) belong to a new generation of varieties bred in "Germany," where only a small proportion of the genome originated from non-vinifera ancestors was left. These varieties are formally recognized as Vitis vinifera and classified for wine production in European Union (EU) countries. "Chancellor" ("Seibel 5163" × "Seibel 880;" VIVC variety number 2446), Léon Millot ("Millardet et Grasset 101-14 OP" (V.riparia × V.rupestris) × "Goldriesling;" VIVC variety number 6806) and "Maréchal Foch" ("Millardet et Grasset 101-14 OP" (V.riparia × V.rupestris) × "Goldriesling;" VIVC variety number 7388) are Franco-American interspecies hybrids bred in France at the beginning of the 20th century. [29] The experiment was conducted in three vintages The experimental vines were grafted on SO4 rootstocks. The vineyard has a planting density of 5681 vines per ha with vines spaced 0.8 m within and 2.2 m between rows. The vines were trained on a Guyot system. All vines were pruned to 10-12 nodes per vine. The cultural practices according to the EU regulation on organic farming were applied.
Grapes were harvested in the moment of technological ripeness of the grape. All varieties are early ripening and they were harvested during the last decade of August and first decade of September. Four random samples of about 1 kg of grapes were taken from each variety and stored frozen, pending analysis. This means that every variety was represented by four samples in all the three years of study, except for the variety "Chancellor" in the year 2009 which was represented by three samples. 
Sample Preparation
The berry skins were manually removed from the pulp and air dried. Dry skins were ground and the obtained powder (500 mg) was extracted by a 10 mL of 70% aqueous ethanol containing 1% formic acid per 1 day in the dark. The extract was centrifuged at 5000 rpm in an LC-321 centrifuge (Tehtnica, Železnik, Slovenia) for 20 min at room temperature. The supernatant was collected, concentrated under vacuum to remove ethanol (40°C) on a Hei-Vap Adventage G3 rotary evaporator (Heidolph, Schwabach, Germany), and brought to the final volume of 10 mL with eluent A (water/phosphoric acid; 99.5:0.5, v/v). The extract was filtered with Phenex-PTFE 0.20 μm syringe filter (Phenomenex, Torrance, USA) and analyzed by HPLC. The extraction was performed in triplicate.
HPLC Analysis
Separation, identification, and quantification of phenolic compounds from grape skin extracts were performed on an Agilent 1100 Series system (Agilent, Germany), equipped with diode array detector (DAD; G1315B), fluorescence detector (FLD) (G1321 A) and coupled to an Agilent Chem Station (version B.01.03) data-processing station. The separation was performed with a reversed-phase column Luna Phenyl-Hexyl (4.6 × 250 mm; 5 μm particle (Phenomenex, Torrance, USA), with Phenyl guard column (4.0 × 3.0 mm) thermostated at 50°C. The solvents were water/phosphoric acid (99.5:0.5, v/v, eluent A) and acetonitrile/water/phosphoric acid; 50:49.5:0.5, v/v/v, eluent B). The flow rate was 0.9 mL/min. The linear gradient for eluent B was: 0 min, 0%; 7 min, 20%; 35 min, 40%; 40 min, 40%; 45 min, 80%; 50 min, 100%; 60 min 0%. The injection volume for all samples was 20 µL. The DAD was set to an acquisition range of 200-700 nm. Flavonols were detected at 360 nm and anthocyanins at 518 nm. Flavan-3-ols were detected at λ ex = 225 nm and λ em = 320 nm.
Liquid Chromatography-Mass Spectrometry (LC-MS) Analysis
For peak assignment berry skin extracts were analyzed with the Agilent 1200 Series system (Agilent, Germany) coupled online to an Agilent model 6410 mass spectrometer fitted with an electrospray ionization (ESI) source. The separation was performed with the column described in the previous section. The mass spectra of flavan-3-ols and flavonols were recorded in the negative mode and those of anthocyanins in the positive mode. Negative and positive ion mass spectra of the column eluate were recorded in the range m/z 100-1000. Mass spectrometric conditions were applied as previously reported. [30] 
Quantification of Individual Compounds
Individual phenolic compounds in berry skin extracts were identified by matching the retention time of each chromatographic peak with the external standard and DAD spectrum ( Table 1 ). The quantification of individual phenolic peaks was done using a calibration curve of the corresponding standard compound. When reference compounds were not available, the calibration of a structurally related compound was used. The results are expressed in mg/kg of dry weight (dw) grape skin. The total content of a particular class of flavonoids was expressed as a sum of the contents of individual compounds determined by HPLC.
Statistical Analysis
All variables were examined separately by the analysis of variance (ANOVA) for the 3 years of the study. Means separation by Duncan's multiple range tests at P ≤ 0.05 was used to establish whether there were significant differences among the varieties using the SAS System Software, v. 9.0 (SAS Institute Inc., Cary, NC, USA, 2004).
Discriminant analyses using the PROC DISCRIM, and PROC CANDISC (SAS, 2004) were performed to evaluate the utility of polyphenol profiles for discrimination among the varieties. The polyphenol profile was evaluated for its performance as a discriminant criterion (PROC DISCRIM) to correctly classify samples into their respective varieties by estimating error rates (probabilities of misclassification) when using standard methods. A canonical discriminant analysis (PROC CANDISC) was performed based on the same traits and the first two canonical variables (CV) were plotted. Table 2 shows, the content of individual anthocyanins detected in the skin of studied varieties in the three year research period, along with the total anthocyanins (TA) content, which were calculated as the sum of the contents of delphinidin 3,5-O-diglucoside, cyanidin 3,5-O-diglucoside, delphinidin 3-O-glucoside, peonidin 3,5-O-diglucoside, malvidin 3,5-O-diglucoside, cyanidin 3-Oglucoside, peonidin 3-O-glucoside, and malvidin 3-O-glucoside. A significant difference among the varieties has been observed in the TA content. As expected, monoglucosylated and diglucosylated anthocyanins have been detected in all varieties, but in differing proportions. According to earlier findings, the presence of monoglucosides only is characteristic for the Vitis vinifera varieties, while the presence of diglucosylated anthocyanins indicates non-vinifera ancestors in the pedigree of such varieties. Diglucosides are typical for grapes of other members of the Vitis genus (V. riparia, V. labrusca, V. rupestris, V. rotundifolia, etc.) and their hybrids. [31, 32] The highest TA content has been observed in Regent (9810 mg/kg dw of grape skin), which included a very high content of both monoglucosides (5945 mg/kg) and diglucosides (3865 mg/ kg). "Maréchal Foch" had the second highest TA content but the highest monoglucosylated anthocyanin content of all the varieties. A very low TA has been detected in the grapes of "Cabernet Cortis" and "Léon Millot," 2769 and 2062 mg/kg, respectively, both characterized by the lowest content of monoglucosides.
Our research results support the finding that a relative abundance of individual anthocyanins is genotype specific. [33] [34] [35] A significant difference among the varieties in the content of eight detected anthocyanins (delphinidin 3-O-glucoside; delphinidin 3,5-O-diglucoside; cyanidin 3-O-glucoside; cyanidin 3,5-O-diglucoside; malvidin 3-O-glucoside, malvidin 3,5-O-diglucoside; peonidin 3-O-glucoside; peonidin 3,5-O-diglucoside) has been observed ( Table 2 ). The most abundant anthocyanin in "Léon Millot," "Cabernet Cortis," and "Monarch" grapes is malvidin 3,5-O-diglucoside, accounting for 65. 40, 59 .00, and 55.30% of the total anthocyanin content, respectively. In "Regent" the proportion of malvidin 3-O-glucoside and malvidin 3,5-O-diglucoside in TA was almost equal (37.40 and 35.70%), which is in accordance with the findings of Balík et al. [35] Based on the analysis of the anthocyanin composition in Euvitis (section of genus Vitis) grape varieties, Liang et al. [18] concluded that malvidin derivatives were the most abundant anthocyanins in the majority of germplasm. But for Muscadinia grapes, 3,5-O-diglucosides of delphinidin, cyaniding, and petunidin accounted for approximately 90% of TAs. [36] According to its anthocyanin profile, the "Chancellor" was quite distant from other varieties having a high proportion of delphinidin, in the monoglucoside form, but especially as diglucoside (more than 40 times higher content than in any other variety studied) and cyanidin 3,5-O-diglucoside. Compared to the other varieties, a very low content of malvidin 3-glucoside was found in "Chancellor" and similar had previously been reported for some other interspecies hybrids as well. [35] Beside the "Chancellor," the highest proportion of delphinidin 3-O-glucoside has also been detected in "Maréchal Foch" grapes. Despite the fact that "Maréchal Foch" and "Léon Millot" have resulted from the same crossing, they differ significantly both in the TA value as well as in the content of individual anthocyanins.
In the study of Balík et al. [35] the average levels of individual pigments in V. vinifera grapes were as follows: 49% of malvidin 3-O-glucoside, 10% of peonidin 3-O-glucoside, 6% of petunidin 3-O-glucoside, and 6% of delphinidin 3-O-glucoside. Anthocyanins with cyanidin occurred in lower amounts in the grapes of V. vinifera L. varieties. This is in accordance to the research results on 49 red Vitis vinifera varieties [37] where the main anthocyanin was malvidin 3-O-glucoside 
Flavonols
Flavonols are only present in the outer epidermis of grape skin and their primary biological function is ultraviolet (UV) protection. Along with anthocyanins, they are considered to be the most important flavonoids that accumulate in this tissue. Flavonol patterns are considered to be an important chemo-taxonomic parameter as well, while varying across genotypes. In recent years, the flavonoid compounds attracted much interest due to their antioxidant proprieties and their potential benefit to human health. [40] In the present study the average total flavonols (TFO) of selected varieties have ranged between 111 and 840 mg/kg dw grape skin (Table 3) . A significant difference has been observed among all the varieties. Quercetin 3-O-glucoside was dominant in all samples accounting for 56.44% ("Léon Millot") to 82.44% ("Chancellor") of TFOs on average. In the research by Zui et al. [41] on the phenolic characteristics of red grapes, the domination of quercetin 3-O-glucoside in all samples (irrespective of their genetic background) has been observed as well. For all varieties except for "Cabernet Cortis," the second most abundant flavonol was myricetin 3-O-glucoside. The two other quercetin derivatives, namely quercetin 3-O-glucuronide and rutin, have also been detected.
The total content of flavonols, as well as of each flavonol detected, was highest in "Regent." The wines of this variety are known for their strong dark color (rare in wines from cooler climates) which is probably due not only to a high anthocyanin content, but also to high content of flavonols and their mutual reaction producing more stable pigments in red wines. [21] The high content of TFOs was also observed in "Chancellor" grapes. In this variety the proportion of quercetin 3-O-glucuronide was highest, accounting for 82% of TFOs. The significantly lowest content of all flavonols was detected in "Léon Millot" and this is the only variety in which there was no quercetin 3-O-glucuronide detected in the grape skin. Although having the same parents, "Maréchal Foch" has twice as much TFOs as its sibling "Léon Millot," and the amount is comparable to the results of Zhu et al. [25] In contrast to the differences found in the anthocyanin profiles, the flavonols present in grapes of resistant varieties were the same as those in V. vinifera varieties. Quercetin-type and myricetin-type flavonols dominated the flavonol profiles of Vitis vinifera red grape varieties as well. Their proportion and the proportion of their glycosides (glucoside and glucuronide) varied between the different varieties. According to the pattern of the flavonols in 49 red Vitis vinifera varieties obtained by Mattivi et al., [37] the main compound was quercetin (mean 43.99%; range, 12.34-87.76%), followed by myricetin, which is present in a similar percentage (mean 36.81%; range, 2.35-81.61%).
The "Pinot Noir" grapes had the highest proportion of quercetin-type flavonols and the lowest proportion of myricetin-type flavonols; "Cabernet Sauvignon" and "Merlot" had medium proportions of quercetin-type and myricetin-type flavonols, and varieties "Tempranillo," "Syrah," and "Petit Verdot" showed the lowest proportions of quercetin-type flavonols and the highest proportions of myricetin-type flavonols. [42] The main quercetin glycoside detected in "Cencibel" and "Syrah" grape skin was glucoside, and glucuronide in case of Cabernet "Sauvignon" and "Merlot." [21] Therefore, the principal component (PC) analysis applied to red grape flavonol profiles allowed a high degree of grape variety differentiation. [42] In some articles only small amounts of rutin have been found in grape skin of Vitis vinifera varieties, [19, 43] while in others [21, 37, 44] rutin was not reported. As opposite to that, rutin is one of the dominant flavonols in muscadine grapes and in non-V. amurensis East Asian species. [41] POLYPHENOLS IN FUNGUS-RESISTANT GRAPEVINES 
Flavan-3-ols
In regard to the family of flavanols (Table 4) , epicatechin, catechin, epigallocatechin, gallocatechin, as well as procyanidins B1, B2, and B4, have been detected in all skin extracts. Procyanidin B3 has also been determined in all samples except for "Regent" and "Monarch." The average total flavan-3-ols content varies between the varieties but the differences are not so large as in other classes of phenolics. "Chancellor" had the highest content (187 mg/kg dw grape skin) and "Léon Millot," as in the other phenolic class, the lowest (107 mg/kg dw grape skin). The most abundant monomer differs among the varieties: for "Regent" and "Maréchal Foch" this is epicatechin, for "Monarch" and "Cabernet Cortis" epigallocatechin and for "Chancellor" the contents of epigallocatechin and catechin are almost equal. Procyanidin B1 is the dominant dimer in all the varieties and, except for "Monarch" (having the lowest content), varies on average in a rather narrow range. The contents of flavonols and flavan-3-ols were also affected by environmental conditions. The differences between the years were also significant.
Discriminant Analysis
The discriminant function, based on the polyphenol profile 3-year study, correctly classified all the samples into their respective varieties. This means that the varieties used in this research can be 
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clearly distinguished based on their polyphenol profile. The same classification success was attained using just the anthocyanin profile of the six varieties. Significant squared Mahalanobis distances were determined among the class means of all the varieties. The canonical discriminant analysis based on the polyphenol profile over the three years of the study showed that the first two CV explained 88.50% of the variation among varieties (CV1-55.40% and CV2-33.10%). The vector diagram (Fig. 1) revealed a clear differentiation among all the varieties which can be explained based on the correlation of polyphenol content with CV1 and CV2.
CONCLUSION
This research has revealed a significant difference among the varieties in the total content of all chemical groups of studied polyphenols, anthocyanins, flavanols, and flavan-3-ols. A clear differentiation of all the varieties by means of the polyphenol profile has been attained. Since grapes are highly heterozygous, it was difficult to find a connection between the genetic origin of the varieties and their polyphenol profiles and for that reason it is necessary to characterize each variety before qualifying them as raw material for different purposes. A good example was set by "Maréchal Foch" and "Léon Millot," having the same parents, but a qualitatively and quantitatively quite different polyphenol content. Nevertheless, the polyphenol (and especially anthocyanin) profile of "Chancellor," the variety with a very complex pedigree, was quite distant from all the other varieties. Although it was supposed that true interspecies hybrids, due to a greater genetic distance of their ancestors, would have a higher content of polyphenols in comparison with the resistant varieties of the new generation, it was often not the case in this study. Among the tested varieties, the grapes of "Regent" had the highest total polyphenol content, as well as the total anthocyanin and total flavonol content. Moreover, the abundance of anthocyanins, both mono-and diglucosides, qualifies this variety as very suitable for wine production, as well as for the extraction of phytochemicals for foods and pharmaceuticals.
